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Abstract
Because of its multiple applications in biotechnology, in recent years, there has been a
considerable focus on cyanobacteria as a nitrogen fixer prokaryote capable of carrying out
photosynthesis. Due to the high lipid content present in their thylakoid membranes, cyanobacteria
have a considerable potential to be used as a source of raw material in third generation biofuels.
The present study was undertaken to characterize the autotrophic growth of Anabaena vaginicola
(A. vaginicola) as the cyanobacterium under different concentrations of sodium nitrate. NaNO3 is
the main source of nitrogen in BG-11 medium for autotrophic growth of cyanobacteria. By
changing the concentration of NaNO3 in the formulation of BG-11 medium, it was found that
growth rate constants of the cultures with different initial concentrations of NaNO3 differed
significantly from each other, suggesting that the initial NaNO3 concentrations in BG-11 medium
can have considerable effects on the growth of A. vaginicola. Absorbance readings for A.
vaginicola culture grown in BG-11 media containing 1.875 and 2.25 g/L NaNO3 were highest
among seven groups of cultures and expressed highest specific growth rate (0.386 and 0.408 day-1,
respectively). BG-11 medium prepared with NaNO3 at the lower level than the original amount of
this inorganic salt (25% of 1.5 g/L) was not able to fully support the growth of A. vaginicola
culture and the longer exponential phase of growth was with the lower rate constant (0.191 day-1).
This growth rate in comparison with the growth in the nitrate-free BG-11 medium (BG-110) was
also lower.
Keywords: Cyanobacteria, Anabaena vaginicola, autotrophic growth, nitrogen fixation, BG-11
medium, sodium nitrate

Introduction
Increasing energy demand, environmental concerns, and depletion of fossil fuel sources are
subjects that have generated great interest for searching reasonable alternative energy sources
such as biofuels production from biomass. For instance, in case of biodiesel production, a
wide range of feedstocks can be used and among them, photosynthetic prokaryotes have
gained a special position. Association between growth and lipid production in microalgae and
cyanobacteria has been the topic of many studies in the last decade. High growth rate of
cyanobacteria as photosynthetic microorganisms has found to be related to accumulation of
lipids [1]. Therefore, carbon dioxide absorption by these microbes, with smaller land
requirement (compared to other seed oils as food crops) have made microorganisms a suitable
alternative for biofuel production [2]. Because these organisms can fix carbon
photosynthetically, they don’t need any fermentable sugars as a carbon feedstock [3]. While
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eukaryotic microalgae have the ability to accumulate large amounts of lipid under stress
conditions with slow growth, cyanobacteria, the only oxygenic photosynthetic prokaryotes,
can produce lipid with a fast growth due to their lipid accumulation in thylakoid membranes,
their high levels of photosynthesis, and rapid growth rate [4]. Furthermore, cyanobacteria,
which secretes fatty acids and other carbon-based products into their surrounding
environment, is a tractable and naturally transformable host that can be genetically
manipulated more easily than eukaryotic microalgae [1,3].
Growth condition and nutrient composition in culture medium of microalgae and
cyanobacteria can have considerable impacts on their lipid content. When microorganisms
such as cyanobacteria grow in the media with a rich carbon source and a limiting amount of
nitrogen, they quickly use up the supply of nitrogen, but assimilation of the carbon source
continue. As a result, lipid accumulation occurs [4]. However, nitrogen starvation does not
always promote lipid induction. It can enhance the lipid production in many microalgae and
cyanobacteria such as Chlorella sp., Nannochloropsis sp., Neochloris oleoabundans,
Botryococcus braunii, Microcystis panniformis and M. novacekii [5,6].
Many types of cyanobacteria can fix atmospheric nitrogen through a highly endergonic
reaction [7] (see eq.1)
N2 + 8 e- + 8 H+ + 16 ATP → 2 NH3 +H2 + 16 ADP + 16 Pi

eq.1

Anabaena sp., a diazotrophic cyanobacterium, is one of the few bacteria capable of producing
specialized nitrogen-fixing heterocysts and fixing atmospheric dinitrogen into ammonia form
of nitrogen with the help of oxygen-labile nitrogenase complex present in heterocysts cells
[6,8]. All cyanobacteria can utilize different types of combined nitrogen as in nitrate, nitrite,
and ammonium as the sole nitrogen source, while in absence of combined nitrogen,
heterocystous cyanobacteria will differentiate vegetative cells into heterocysts at semiregular
intervals between strings of vegetative cells [6,8]. Nitrogen fixation is catalyzed by oxygensensitive nitrogenase enzyme complex, that catalyzes the reduction of atmospheric nitrogen to
ammonia [8]. Strength of nitrogen fixation process is decreased or even being inhibited in the
presence of external combined nitrogen sources such as NO3- or NH4+ compounds [7,9].
Meeks et al. [10] found that nitrate have a strong inhibitory effect on the formation of
specialized heterocyst cells in Anabaena sp. strain 7120.
The concentration of sodium nitrate as an exogenous nitrogen source in BG-11 culture
medium is a key factor in growth and lipid production of microalgae and cyanobacteria.
Therefore, nitrogen manipulation is considered a cost-effective strategy that can result in high
lipid production in these microorganisms [6]. Despite the extensive research on the utilization
of microalgae as an alternative source of energy, there are relatively fewer studies on the
potential of using cyanobacterial biomass as a rich source of biofuels [11]. Hence,
characterization of growth of cyanobacteria under different nitrate stress conditions can be
useful in assessing the lipid productivity of cyanobacteria.
The aim of the present work is to study the effect of sodium nitrate concentration used in BG11 medium on autotrophic growth of A. vaginicola cyanobacterium. The optical density, as a
measure of biomass, and specific growth rate constants were determined in this regard.

Experimental Method
A pure culture of Anabaena vaginicola cyanobacterium was obtained through a previous work
from this laboratory as reported in [12]. Cultivation of the culture was initially done using
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standard cylinder (1L bottles), with a sterilized BG-11 medium at 28° ± 1° C. BG-11 media
consisted of (g/L): 1.5 NaNO3, 0.036 CaCl2-2H2 O, 0.012 FeNH4-Citrate, 0.001 Na2-EDTA,
0.04 K2HPO4, 0.075 MgSO4-7H2O, 0.02 Na2CO3, and 1 ml Haagland’s micronutrients per
liter of culture medium [8]. The cyanobacteria cells were cultured in 250 ml bottles containing
200 ml modified BG-11 fermentation medium with exposure to different concentration of
NaNO3 (0, 0.375, 0.75, 1.125, 1.5, 1.875 and 2.25 g/L) that are associated with 0, 25, 50, 75,
100, 125 and 150% of NaNO3 concentration used in sBG-11 media, respectively. Other
components of the BG-11 growth medium were used at the defined concentration according to
the literature [8]. Autotrophic growth was followed using four 40-watt daylight fluorescent
lights (continuous illumination of 80 µmol.photons.m-2.s-1). The top of the culture bottles was
covered using sterilized cotton gauze balls. The cultures aeration was done using aquarium
pump where the tubing was placed at the bottom of the vessel and 0.22 µm filtered air was
injected into the cultures. In this manner of aeration, the cyanobacterial biomass did not settle
in the vessel, and furthermore, the cultures had access to atmospheric CO2. Trend of A.
vaginicola growth was monitored daily and the absorbance was measured with spectroscopy
technique using visible spectrophotometer (JASCO V-550 UV/VIS spectrophotometer, Japan)
at a 750 nm wavelength. The specific growth rate constant (µ) of each cultivation sample was
calculated using eq.2.
µ= (Ln(OD1) - Ln(OD0))/(t1 – t0)

eq.2

where OD0 and OD1 are optical density values (at 750 nm) at the beginning (t0) and the end
(t1) of exponential phase, respectively.
Data analysis was performed using the PASW (SPSS) statistics 22 software (SPSS Inc.
Chicago, IL, USA) where one-way analysis of variance (ANOVA) was used for comparisons
between different cultural conditions in terms of sodium nitrate concentration and significance
of F-test was further analyzed using Duncan method.

Results and Discussion
Importance of nutritional nitrogen source for growth of cyanobacteria is well-recognized. The
present study was an attempt directed to monitor the trend of nitrogen utilization by A.
vaginicola as an index for the microbe growth (Gr). In particular, the change of concentration
of NaNO3, which is the main ingredient in BG-11 formulation, was of the interest. The growth
curves of A. vaginicola were obtained by recording absorbance values from exponential up to
the stationary phase. Fig. 1 shows the time dependency of absorbance readings used as an
estimate of the culture growth, where the highest readings obtained in the cultures with the
highest initial NaNO3 concentrations of 1.875 and 2.25 g/L. The trend of absorbance readings
at the end of the exponential phase of the cultures (as a biomass production indicator) is as
follows:

Gr 0.375 g/L < Gr 0 g/L < Gr 0.75 g/L < Gr 1.125 g/L < Gr 1.5 g/L < Gr 1.875 g/L < Gr 2.25 g/L
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Fig. 1. Growth curves of A. vaginicola cultivated in BG-11 and modified BG-11 media with different
concentrations of NaNO3 (average of two replicates from independent cultures).

At NaNO3 concentrations lower than 1.5 g/L, nitrogen starvation appeared, and the growth
rate of A. vaginicola decreased. Also, the pigment loss (green color → yellow color) in A.
vaginicola growth on BG-11 media having NaNO3 at 0.375 and 0.750 g/L was considerable.
Fig. 2 shows the values of specific growth rate constant (µ) which is the expression used to
describe the typical growth curve. µ values confirm the growth trend seen in Fig. 1. Due to
the decrease in the concentrations of nutrients in culture medium during growth in batch
cultures, µ is not constant [13]. Nevertheless, in this work, this effect was assumed to be
negligible and the values reported in the Fig. 2 were calculated as stated in the section 2. The
concentration of NaNO3 used in preparation of the modified BG-11 media (i.e. independent
variable) significantly affected the values of µ obtained experimentally, and the findings were
reported according to the results of one-way ANOVA test. The findings are in agreement with
previous studies on Microcystis panniformis, M. novacekii [5] and M. aeruginosa [14]
cyanobacteria. As shown in Fig. 1, cultures with different initial NaNO 3 concentration did not
reach their stationary phase at the same time. This highlights the influence of initial NaNO 3
concentration in the BG-11 medium on the metabolism and growth of cyanobacteria. Presence
of NaNO3 at higher concentration in BG-11 medium preparation (1.875 and 2.25 g/L),
resulted the stationary phase being reached after 5 days compared to 7 days typically observed
in the growth curve of A. vaginicola grown in sBG-11 medium. With regards to the values of
the growth rate constants and half-life time, the following comparison shows the performance
of A. vaginicola grown in aforementioned cultures in formation of the biomass led to the
higher amount compared to cultures with 25, 50 and 75% of NaNO3 concentration used in
sBG-11 media (at the 95% confidence level).
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Fig. 2. Specific growth rate constants for growth of A. vaginicola culture in BG-11 growth medium
modified on basis of NaNO3 concentration. Inset: Duncan test used for comparison between means of the
different groups (after applying ANOVA test). The values that do not share the common supperscript are
significantly different.

The results of the Duncan test show that for the cultures with NaNO3 concentration of 0.375
g/L, the growth rate constant was considerably lower compared to A. vaginicola grown in
BG-110. Also, the growth was delayed and less biomass was produced. This can be attributed
to the fact that the presence of an alternative nitrogen source such as nitrate in growth culture
system negatively affects the growth pattern of cyanobacteria. Moreover, low expression of
nitrogenase activity has been found to be related to these observations most generally reported
for heterocystous types of cyanobacteria.

Conclusions
In this work, autotrophic growth of A. vaginicola was characterized in different BG-11 culture
media prepared with different initial NaNO3 concentrations. µ values confirm the growth
trends seen in Fig. 1. The cultures grown in BG-11 having 1.875 and 2.25 g/L NaNO3
experienced shorter time to pass the exponential phase of growth. Moreover, biomass content
and µ values of the test cyanobacteria grown in the aforementioned cultures were
considerably higher compared to other cultures. More effort appears to be needed in order to
decrease sodium nitrate level in BG-11 medium used for autotrophic growth of cyanobacteria.
A reasonable approach to manage cost of biodiesel production is to use extracted lipids from
cyanobacteria species and decreasing NaNO3 content of BG-11 medium.
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